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A...MAIN INGREDIENTS AT INLET/OUTLET (EXAMPLE) 

1...PPS, NACL, NMP, WATER 

2...NMP, ACETONE, WATER 

3. ..ACETONE 

4...PPS, NACL, ACETONE 

5. ..ACETONE, WATER, NACL 



6. ..WATER 
7...PPS, WATER 
8. ..WATER, ACID 
9...ACID 

10...PPS, WATER 



(57) Abstract: A slurry resulting from polymerization and comprising polyarylene sulfide particles obtained by reacting an alkali 
sulfide source with a dihalogenated aromatic compound in a polar organic solvent, a by-product alkali metal salt, and the polar 
organic solvent is continuously contacted countercurrently with a cleansing fluid to thereby continuously and efficiently recover 
polyarylene sulfide particles which have been cleansed. Furthermore, the by-product alkali metal salt is efficiently removed and the 
polar organic solvent is recovered. 
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Transit this text 



■■.[TECHNICAL FIELD] 

[0001] The present invention relates to a process for treating asiuny containing at least Hvo types of solid particles, particularly a process for effectively washing a polymerizate slurry containing 

an alkali sulfide source and an aromatic dthalide compound In a polar organic solvent, or an effective process for treating sucn a p 



[BACKGROUND ART] 

[0002] A polyarylene sulfide [PAS] resin as represented by polyphenyfene sulfide is an engineering plastic excellent in heat resistance, chemical resistance, non-flammabitity. electrical properties and 
mechanical properties, and is widely used as materials for fiber, films, injection molding and extrusion The production of a. PAS .resin through a process cf reacting an agnatic dihalide compound and 
an alkali metal sulfide in an organic polar solvent, such as N-methylpyrolidone (NMPl is described, e.g.. in Japanese Patent Publication (JP-Bj 52-12240. According to the process, a polymerization 
system in a h-gh-temperatu-e state is withdrawn by flushing into a vessel under a normal or reduced pressure and is then subjected to recovery of the solvent, washing and drying to recover the resin 
thereby finally obtaining a powdery resin product having particle sizes of from several mu m to 50 mu m. The powdery resin in a dry state is liable to he scattered as dust and is difficult :o handle 
because of a small bulk density. Particularly., the powdery resin is liable to show inferior production efficiency because of a lowering m throughput at the timed melt-extrusion. Further, a D AS resin is 
generally provided with a level of melt-viscosity necessary for processing through so-called hot cross-linking in a step after the drying, so that the PAS resin is liable to exhibit inferior mechanical or 
physical properties than linear polymers. 

[0003; Japanese Lad-Open Patent Application ;JP-A]59^9232 has disclosed a process for processing particulate D PS. and in its Examples, the polymerizate is discharged into water, and precipitated 
polymer beads are recovered and subjected to a repetition of washing witn warm water ■ 

fif for a similar resin, JP-A 61-255933 has disclosed a process f or treating a polymerizate slurry obtained in the polymerization step and containing a particulate PAS. The treating process includes: 
( tlj a step wherein a polymerizate slurry containing polyarylene sulfide parties by-educed crystalline and dissolved alkali chloride and arylene sulfide oligomers together with the liquid component 
principally comprising N-methylpyirolidone; is subjected to sieving for separation into pclyarylene sulfide parties and a slurry containing crystallized aikali chloride, (2) a step wherein the slurry 
containing crystallizedalkali chloride is subjected to solid-liquid separation to recover crystallized alkali chloride; while the liquid component is distilled to recover N-methylpyrrolidone. |3) a step of 
washing the poyaryiene sulfide particles witn an organic so vent, such a's acetone, and water, and (4) a step of distilling the organic solvent washing liquid to recover the organic solvent. 

[0005] JP-A4-139215 has disclosed a process for washing polyarylene sulfide, wherein polyaiyiene sulfide particles recovered by sieving from a polymerizate slurry are successively washed with an 
organic solvent,, such as acetone, having a lower boiling point than water misclble with water and polar organic solvent in the polymerizate slurry, and then witn water 

[0006] The above-mentioned conventional processes for recovery by washing of product polyarylene sulfide particles from a polymerizate slurry involve an essential problem accompanying a principal 
step comprising separation and recovery of polyarylene sulfide particles from the polymerizate slurry relying on sieving or filtration. 

[0007] More specifically, in any of the above-mentioned processes, an objective polymerizate slurry containing polyarylene sulfide panicles obtained by reaction of an akalt sulfide source and an 
aromatic dihalide' compound in a polar organic solvent, contains not only polyarylene sulfide particles having an avenge particle size on the order cf 200-2000 mu m as a principal object o : recovery, 
but also a polar organic solvent, by-produced alkali metal salt fine particles, dissolved alkali metal salt and arylene sulfide oligomer Such a large number of components in the polymerizate slurry provide 
inessential difficulty In separation and recovery, of product PAS particles, and particularly many problems are encountered in the above-mentioned separation-recovery process including the sieving or 
filtration as an essential step 

[0006] For example, the above-mentioned processes disclosed by JP-A 61-255933 and JP-A4-139215 both include a step of sieving the polymerizate slurry by using a sieve having a mesh-opening of 
cart 05 mu m so as to recover PAS particles on the sieve while transferring the by-produced a-kati metal salt fine panicles to the filtrate liquid, ft is inevitable to lose PAS particles having particle sizes 
passing through the sieve mesh-opening, and if the mesh-opening is decreased so as to reduce the loss, the separation between the PAS particles and the alkali metal salt fine particles becomes 
dicult and requires an excessively long time for the filtration, thus making the process commercially unfeasible. Further, the processes are alsc accompanied with much difficulty in recovery cf the polar 
organic solvent that is a costly reaction solvent from the filtrate liquid containing the by-produced alkali metal salt fine particles 

[0009] A principal object of the present invention is to provide a process which does not include a commercially orcbematic sieving step as an essentia? step but can effectively recover PAS particles 
from a polymerizate slurry as menboned above. 

[001 0] Another object of the present invention is to provide a pro-cess : or treating a PAS polymerizate slurry whicn also takes into account effective recovery of a polar organic solvent that is a costly 
reaction solvent, and allows effective separation and removal of by-procuced alkali metal salt, 

[001 1] Another object of tne present invention is to provide a process for effectively washing PAS particles witn a reduced amount of washing liquid 

[001 2] A further object, of the present Invention is' to provide an. effective process for treating a slurry containing, at least two types of solid particles . like a PAS polymerizate slurry as mentioned above 

[0013] According, to our study for accomplishing the above-mentioned objects, it has been found very effective to adopt a process inciudnacontinuous countercurrent contact witn a washing liquid for t : 
recovering PAS particles from a polymerizate slurry containing the PAS particles, 

[0014] Thus, according to the present invention, there is provided a process for continuously washing PAS, comprising: a washing step of subjecting a polymerizate slurry to continuous countercurrent 
contact with a washing liquid; said polymerizate slurry containing PAS particles, a by-produced alkali metal salt and a polar organic solvent and obtained through a reaction of an alkai sulfide source and 
an aromatic dihalide compound in the polar organic solvent. 
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[0015] More specifically, it has been found that the above-mentioned washing process cr PAS polymerizate slurry-treatment process including countercurrent contact with a washing liquid is not only 
industrially excellent in that it allows continuous processing cf the polymerizate slurry out alsc capable of reducing the loss of PAS fine particles as encountered in recovery by sieving separation from by- 
produced alkali metal salt fine particles. Fute, according to a preferred embodiment of the continuous process for washing polyarylene sulfide according to the present invention, it becomes possible 
to achieve efficient recover o ; the costly po : ar organic solvent and efficient removal by separation cf the by-produced alkali meta : salt. 

[001 6] According to another aspect of the present invention there is provided a process for treating a slurry, comprising . subjecting a. slurry comprising a. dispersion liquid medium and at least two types 
o ; solid particles dispersed in the liquid medium to sequential wash : ng steos including: a first washing steoof washing the slurry oy countercurrent contact with a first wash : ng liquid which does not 
dissolve any of the solid particles but is misctble with the dispersion liquid medium, and a second washing step of bringing the washed at least two types of solid particles into contact with a second 
washing liquid which selectively dissolves a pan of the at least two tyoes of so : id particles and is alsc miscible with the first washing liquid. As a result it becomes possible to efficiently wash preferably 
one species of solid particles and efficiently treat the washing waste liquid. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 



Figure 1 is a schematic illustration of an embodiment of washing apparatus suitable for practicing a process of the invention. 

figure 2 is an illustration of representative materials appearing at respective inlets and outlets of an apparatus system including three unrts of the apparatus shown in Figure \ in series for practicing a 
preferred embodiment of the process cf the invention. 

Figure 3 is a schematic illustration cf another embodiment cf washing apparatus suitable for practicing a process of the invention. 



[BEST MODE FOR PRACTICING THE INVENTION] 

(001 SI Some preferred embodiments of the present invention are described with reference to the drawings. 

[001 9] Figure 1 is a schematic illustration of an embodiment of washing apparatus suitable for practicing a process of the present invention! Referring to Figure 1 , the washing apparatus is roughly 
divided into a downward tube section I and an upward tube section II for 'lowing PAS particles downwards and upwards, respectively. The downward tube section I and the upward tube seotcn II 
comprise hollow tunes 1 and 2 ; respectively. Inside the downward tube 1 ■% disposed a stirrer 4 driven by a motor 3, and inside the upward tube 2 is disposed a screw 6 driven by a motor 5 for carrying 
o:' scooping up tne PAS partices, Tne apparatus Is provided with a supply port and a discharge port at positions arbitrarily selected from A to H More specifically, at A is provided a supply pott for a 
material to be washed, F, a principal supply port for a washing liquid; G,. a discharge port for washed PAS particles: B : a discharge port tor a washing waste liquid: 0 C and E, optionally provided 
auxiliary supply ports for washing liquids, and H, an optionally provided temporary discharge pott. An auxiliary supply pert can also be provided between the PAS; particle-discharge port G and the 
principal washing liquid-supply port F. onand to tne downward tube section I 

[0020] The downward tube 1 is vertical and the upward tube 2 is inclined in the embodiment of Figure 1 . but each of them can be either vertical or inclined. In the downward tube t, depending cn a 
specif c gravity difference between the ?AS and by-produced alkali metal salt particles and tne washing liquid the panicles descend and the washing liquid ascends to cause 'Countercurrent contact or- 
sedimentation between them In order to prevent iocaf zed : cw cr channeling of tne ascending washing liquid, it is preferred to effect mild stirring by the stirrer 4 It is however possible to emit the stirrer 4 
i : the stirring effect is not particularly expected Cn the other hand, in the upward tube 2. particles inclusive of the PAS panicles are earned up by the screw 6 while being washed with the washing liquid 

. in order to provide a good harmonization between the conveyabiltty cf the particles by the carrying-up and the washing effect, the upward tube 2 may be inclined with respect tc tne horizontal plane at an 
angle alpha . which may be appropriately selected from a range of generally ■-90 deg , preferably 5-60 ceg.. further preferably 15-45 deg The downward tune 1 can also be inclined with respect tcthe 
horizontal plane at an angle beta appropriately selected from a range of 1-9C ceg,. preferably 5-90 dec . for the purpose of moderation of the sedimentation velocity, improving the washing efficiency, or 

' providing a' compact apparatus in combination with the upward tube 2. 

i [0021] The apparatus of Figure 1 may generally be operated as an open system under the atmospheric pressure, but can be placed under an elevated or reduced pressure 
[0022] PAS pclymenzate slurry supplied through the port A is first described. 

I [0023] PAS pclymenzate slurry to be processed or treated py the present invention is a poiymenzate slurry containing polyarylene sulfide particles, a by-product alkali metal salt and a polar organic : 
Sent and obtained through a reaction of an alkali sulfide source and an aromatic dthalide compound in the polar organic solvent. 

fa') Polar organic solvent 

||f|jpr oraamc solvent may, for example, include organic amide compounds lactam compounds urea compounds, and cyclic organic phosphorus compounds Specific examples thereof may include: 
N.N4methyl:fcrmairrde. N.N-dimethylacetamide. N!^diethyiacetamrde ; N.. N -dipro pylacetamid'e . N.N-dinethylbenzanide. capralactami N*fnethyLcaprclactam : N-e'thylcaprolactam. N-isopropyl- 
caprolaetam. N-isobutylcaprofactam. !Wp ropykaprolactam. ^n-butylcaprolaciam. N-cyclchexyl-cap^lactam. N-methyl2-pyrrolidone.; Nusobutyh2f yrroiidone. N-rvpropyl-2-p yrrcl-done. N*n*butyl*2* 
pyrrolidona M-cyclobexyl^pyrrctidone. N'methyWrmethylr2rpyrrolidone ; N-cyclohexyl^pyrroltdone. N-ethyl-S-methyl^pyrrolidone. N-methyi'3.4.5-trime%l'2'pyrrol;done. N-.m.ethyl-2-piperidone. N- 
isopropyl'2fperidone'. tathyt^piperidone. ltethy-2-pipendone, N-isopropyh2f peridene. N-metyl-c-methyl-2-pperldone : M-metbyl'Svethyl^piperidone, tetramethylurea N.N'- 

■ dimethylethyleneurea, N .N'-dimethylpropyleneurea. -1 -methyl-1-cxosulfolane ; 1 -ethyl-1 -oxosulfolane. 1 --phenyl- 1 -cxosulfolane, 1 -methyl- 1 -oxosulfolane. 1 -:>propyl-1 -oxosulfolane. and 1 -phenyl-1- 
oxosulfolane 

The polar organic solvents may be used singly or in mixture of two or more species. 

Among the various polar organic solvents, aprotic organic amides and lactams are preferred; and among these, N-alkyllactams and N-alkylpyrrolidones a : e preferred, cf wh en N-methyl-2-pyrrolidone 
(NMPj is oaitcula-ny suitable. 

(b) Alkali sulfide source 

The alkaii sulfide source (compound'; is a material functioning as a sulfur source for the product PAS. Examples thereof include: alkali sulfides and also alkali hydrosulfides. More specifically, examples 
o ; alkali sulfides may include: lithium sulfide, sod-um sulfide, potassium sulfide, rubidium sulfide, and cesium sulfide! Amcng these, sodium sulfide and lithium sulfide are preferred, and sodium sulfide is 
particularly preferred. Further, examples of alkali hydrosulfides may include: lithium hydrasulflde. sodium hydrosulfide. potassium hydrosulfide, rubidium hydrosuflde., calcium hydrosulfide and cesium 
hyclrosulftde Among these, sodium hydrosulfide and lithium hydrosulfide are preferred, and sodium hydrosulfide is particularly preferred, In the case of using an alkali hydrosulfide, it is preferred to co- 
use an alkali hydroxide 

(c) Aromatic dihaude compound 

Examples of the aromatic dihalide compound as a starting monomer may incl.de: dihalobenzenes, such as m-dmalcbenzene and p-d halobenzene. alkyl-substituted cinalobenzenes and cycloalkyl- 
substituted dihalobenzenes. such as 2,3-dinalotoluene. 2 ; 5-dinalotoluene, 2,6-dihalotoluene, 3 : 4-dihaloto!uene. 2.5-dihaloxylene : t-ethyl^S-dihalcbenzene, 1 ,2;4:5-tetramethyl-3,6-dihalobenzenei, 1- 
normalhexyl-2- 5-dihalobenzene and 1-cyciehex.yi-2,5-dihalobenzene: aryl-substituteddinalcbenzenes, such as ^-phenyl-2 ; 5-dihaicbenzene, J -benzyl-2.5-dihalobenzene, and l-p-:o;uyl-2.5- 
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dihalobenzene; dihalobtphenyis, such as 4,4-dihalobiphenyi, dihalonaphthalenes, such as 1,4-dihalojiaphthalene t.D-dihaionapnthaleno and 2.6-dNcnaphthalene; 3 : ,5-dihalobenzoicacid. 4,4- 
dibalodiphenyl ether, 4,4'-dihaiodrphenyl sulfoxide. 

T'^e two halogen elements in these aromatic dihaiide compounds may respectively be fluorine chionne. bromine or iodine. and may be identical or different from each other. 

Among the above-mentioned aromatic dihaiide compounds-, dihabbenzenes are preferred, and one principally comprising p-dichlcrobenzene is particularly preferred, 
(d) Reaction 

As for the reaction processes using the respective components described above, those known for producing PAS may appropriately be adopted, but processes capable of providing PAS particles having 
an average particle size cf 1 GO mu m or larger are desirably used. Fcr example, a process disclosed in JP-A61 -7332 may be used In the process, an alkali sulfide source and an aromatic dihaiide 
compound is subjected to two stages cf polymerization in a polar organic solvent More specifically, one mol of charged alkali suifide source is first reacted with an aromatic dihaiide compound at 1 80- 
235 DEG C in a medium comprising 0 2-5 liters of polar organs solvent and 0.5-2.4 mols cf water until a conversion o ? 50-95 mol% of the aromatic dihaiide compound, and is then further reacted at 245- 
290 DEG C after addition of further water so as to provide 2 5-7.0 mols of water per rrol of the charged alkali sulfide source tnereby producing particulate PAS. 

According to this piocess, it is pcs'sible to obtain a polymenzate slurry which is substantially free from PAS particles having particle sizes of belcw 1 00 mu m and in which most of by-produced alkali 
metal salt is precipitated as fine particles providing an average particle size of ca.5-100 mu m. 

[0024] According to a particularly preferred embodiment, Na2S or NiaHS f+ NaCHi is used as tie alkali suifide source, p-dichlorobenzene is usee as the aromatic dihaiide compound and NMP is used as 
the polar organic solvent, tc provide a PAS polymenzate slurry containing, in addition to product P.PS particles/crystalline Nad, dissolved NaCi phenylene sulfide oligomer and paradichlorooenzene. 
together with the solvent NMP and water. 

[0025] Now. several embodiments for treating a pclyarylene sulfide pclymenzate slurry as described above in the washing apparatus of Figure 1 . are described. 
(First embodiment) 

[0026] In a most basic embodiment using an apparatus of Figure 1 placed in an open atmospheric pressure system, a polymenzate slurry is supplied from the supply port A and water is supplied as a 
washing liquid from the principal washing liquid-supply port F. whereby washed PAS particles are discharged out cf the discharge port G. and an aqueous waste fluid containing NMP, dissolved NaCI, 
dissolved phenylene sulfide oligomer and paradichlorobenzene. is discharged out of the discharge port B. 

[0027] More specifically, solid matter principally comprising PAS panicles, crystalline NaCI, etc., in the PAS polymenzate slurry supplied from the supply port A, Is causec to flow down or descend 
P'e%ably under mile stirring by means of stirring blades 4 through the downwarc tube 1 tc reach the bottom of the tube 1 . from which the solid matter is scoooed up by a screw 6 rotated in the upwarc 
tube 2 while it is caused to countercurrently contact wate' supplied from the supply port F and the accompanying crystalline alkali metal salt : s wasned out therefrom. The solid matter is separated from 
water during further ascending in the tube 2 to be discharged ou: cf the discharge port G and is diiec thereafter to provide PAS particles. On the other hand, water as the washing liquid supplied from the 
supply port F dissolves the crystalline alkali metal salt accompanying the PAS particles and is 1 accompanied with tne dissolved alkali metal salt while extracting the polar organic solvent absorbed with 
the polyarylene sulfide particles. Them the water is discharged out of the port B together with the polar organic solvent and aryle^e sulfide oligomer in the polymerizate slurry. The washing waste fluid is 
separated Into respective components according to an ordinary method, such as distillation. 

[0028] This embodiment generally utilizes the effective scrubbing function alone of the intercurrent washing apparatus of Figure 1 As a result, the PAS particles discharged cut cf the port G can 
receive a sufficient washing effect, but this embodiment involves a difficulty that the presence of the alkali metal sal: sucn as NaCI, dissolved in the washing waste fluid makes difficult the distillation for 
separating the respective components in the waste fluid Particularly, it is very difficult tc economically separate and recover the polar organic solvent from a mixture of the polar organic solvent which 
has a higher boring point than water and is therefore withdrawn ; rom the bottom of the dsiation column together with toe alkali metal salt and arylene suifide oligomer. 




washing process 

[0030} More specifically, in a first washing unit, similarly as in tne above-embodiment, the polymerizate slurry j s supplied from the pert A, and from the pott F is supplied a washing : iquld comprising a. 
polar organic solvent ;e g„ acetone or methanol, hereinafter represented by acetone; which is miscible with water and the oclar organic solvent (hereinafter represented by NMP; in the polymenzate 
slurry and has a lower boding point than water, wheieby NMP Is principally extracted and washed out from the particulate PAS (hereinafter represented by PPS; to discharge a wet cake of PPS particles 
accompanied with the crystalline alkali metal salt; hereinafter represented by NaCI) out of the pott G, On the other hand, from the port 3 is discharged a. washing waste fluid principally comprising 
acetone, water and NMP, 

[0031] Further, in a second washing unit also having a structure substantially similar as tne one shown in Figure 1 . the wet. cake of PPS particles discharged out of the pott G and accompanied with the 
crystalline NaCI is supplied from the port A. and water is supplied from the port F as a washing liquid. As a result, principally in the process of the wet cake moving through the upward tube 1, the 
accompanying crystalline NaCI is removed by dissolution and the absorbed acetone is removed by extraction, respectively with water, from the PPS- particles., whereby a wet cake of PPS panicles 
substantially wetted with water alone Is discharged cut of the port G and then dried to provide product PPS particles. On the other hand., from the pert B is dischargee a washing waste fluid comprising 
water, recovered acetone and dissolved NaCI as major components. If this washing waste fluid is subjected tc distillation, acetone is recovered from the column top. and from the column bottom is 
discharged aqueous NaCI solution which can be discharged as it is without further solid-liquid separation 

l|Hph the other hand the washing waste fluid discharged out of the port B of the first washing unit comprises acetone, water and NiMP as major components and a very small amount of dissolved 
NaCI, and therefore can be subjected to distillation without a substantial lowering in efficiency More specifically., in the distillation column, acetone, water and NM? are distilled cut respectively from top 
pans, and a small amount of NMP containing high-boiling point matter is withdrawn as bottom residue liquid at appropriate time from tne bottom 

(Third embodiment) 

[0033] In a further preferred embodiment! a third washing unit also having a structure substantially similar as tne one shown in Figure 1 . is usee to treat with an acid the wet cake of PPS particles 
dischargee out of the pott G of the second washing unit in Second embodiment described above The acid treatment is effective for increasing crystallization temperature and crystallization speed as 
preferable features of procuct P D S particles as described in JP-A62-48728 and JP-A7-1 18389. 

[0034) More specifically, in this embodiment, with reference to Figure 1 again, the wet cake o ; PPS partioes discharged out o f tne port G of the second washing unit is supplied from tne port A of toe 
third washing unit. On the other hand, from a port C of the third washing unit is supplied a solution of an acid [e.g., an inorganic acid, such as hydrochloric acid, sulfuric acid or phosphoric acid a salt of 
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strong acid and weak base, such as ammonium chloride; or an organic acid, such as acetic acid or formic acid) in water or a solvent mixture of water as a major ingredient with a water-misciole solvent, 
such as alcohol, and from a port F is supplied water, respectively as washing liquids. As a result, the PPS particles supplied from the pott A are treated with the aod introduced through the pott C while 
descending through the downward tube 1 and ascending in a section up to the supply pert G of the upward tube 2, and are washed wit 5 : water introduced through the port : while further aseendingitrilitii; 
■ through the upward tube 2, followed by water draining on further ascending and discharging out o* the port G as a wet cake, which is then cried to be recovered as the product of acid-treated PPS 
- The washing liquid from the discharge pott 6 is a diluted acid that can be introduced into an acid recovery section or can be discharged out of the system as it is pecause it is substantially 



. [0035] The distribution of major components : lowcic into and out of the system may be summarized as shown In Figure 2, The disposition of each, washing unit is laterally reverses from the one shown 
in Figure 1. but this -s of course not a 'substantial difference 



[0036] Incidentally, in the apparatus system shown in Figure 1, the top portion of eacl 



unit is enlarged like a hopper This modification is effective for facilitating the introduction of feed materials 
hi Figure 1. 



fFourth-emblmei:;:;: 

[0037] The process for w 
tube 2 is elongated 

[0036] More specifically, in this embodiment, with reference to Figure 1 again the poiymenzate slurry is supplied from the port A. and the PPS particles therein are successively washed with acetone 
: supplied from the port CI water supplied from the port D. acid supplied from the port E and water supplied from the port F, and after water draining, are discharged out of the pottG as a wet cake 
■ containing substantially water alone, followed by drying, to be recovered as an acid-treated particulate PPS product. 

[0039] According to this embodiment, however, a washing waste fluid containing dissolved Nad and NMP in acdition to washinq liquids including water, acetone and acid, is discharged out of the port B 

MP 



[0040] However, the effects of washing and washing waste fluid recovery attained in Third embodiment can be substantially similarly accomplished by a series of two units (not nee units as in Third . 
^bodi^nt^including fi^t sec^d j^hir^unite ea^^^^^gntially similar structure as shown in Figure 1 More specifically, inthe first washing unit according to n$ embodiment, acetone 

■ washed PAS particles accompanied with NaCI and discharged out of the pott G of the first washing unit are supplied to the second washing unit, wherein the PAS particles are successively washed with 
water, acid and water supplied from the ports C. D lor E) and F respectively to be discharge out of the port G, followed by drying, to provide an acid-treated particulate PAS product On the other hand, I 
a wasmng waste fluid comprising water acid and acetone is discharged out of the port B of the second washing unit, and the washing waste fluid can be easily separated by distillation so as to recover 
acetone from the column top and discharge acidic water from the column bottom 



I :[004.tj'The apparatus of Figure 1 can be volumettically compacted into an apparatus shown in Figure 3 wherein like parts are denoted by identical symbols and numerals as in. Figure it 



[0042] In the apparatus of Figure 3 according to this embodiment, a downward tube 1 is inclined and disposed adjacent to an upward tube 2, 
stiner 4 and a screw 6 are driven by a common motor 3 via pulleys 7 and 6. respectively., bu: of course can : 



whereby the apparatus can be made compact as a whole A 
■rs: 




(Seventh embodiment) 



[0044] In any of the above-described embodiments, the feed slurry is introduced into the washing apparatus from the supply port A. However, it Is also possible to introduce the feed slurry from the 
supply port C, D or H. Several ertects are attained by introducing the feed slurry to a lower part of the upward tube 2 compared with the case cf introduction from the supply port A More specifically, 
■ m is possible to solve a problem that particles settled at the bottom of the downward tube section I are agglomerated with ear other to cause a localized flow of the washing liquid (2) The smrty 
introduced from the port C D or H is immediately subjected to stirring by the screw 6. so that the washing liquid and the slurry can be mixed in a short time to quickly wet the surface of tne PAS paitices 
with the wasnmg liquid. (3; The stirrer 4 in the downward tube section I is unnecessitated, so that the downward tube 1 can be simplified, e.g., made smaller in size. 

(Eighth embodiment) 

lit I00451 It is also possible to blend a portion of washing liquid, e.g.. acetone, with the feed PAS poiymenzate slurry in advance As a result, tne surface of the particles in the feed slurry wetted with the 
washing lieu d. such as acetone, whereby the difference m specific gravity between the solid and the liquid can be enlarge and the liquid viscosity can be lowered. Accordingly, the initial speed of 
sedimentation of tne particles after the introduction cf the poiymenzate slurry to the supply port of the washing apparatus of Figure 1 becomes faster in case where acetone is blended with theti;il||i||| 
poiymenzate slurry than in the case cf no blending, whereby the overall sedimentation speed until the completion o ; the sedimentation after the introduction of the poiymenzate slurry into the downward 



[0046] It is possible to subject the feed PAS poiymenzate slury to solid-liqud separation in advance of the introduction of tne slurry to the supp : y port A etc. of the washing apparatus of Figure 1 , The 
soiid-fquid separation may for example be accomplished by introducing the poiymenzate slurry into the port A of an apparatus having a structure as shown in Figure A without particularly introducing a 
washing liquid to obtain a poiymenzate slurry of a reduced polar organic solvent content, and again introducing the poiymenzate slurry to a supply pert A, etc . of a washing apparatus as shown in Figure 
1 . For th e solid-liqud separation, it is also possible to apply ordinary means, such as sieving or centnfugation, in addition to the above As a result, the proportion of the polar organic solvent in the slurry 
is reduced . whereby (1) the difference in specific gravity between solid and liquid is increased to provide a larger sedimentation speed cf the particles, so that the diameter of the downward tube can be 
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reduced. (2) The amount of used washing liquid, such as acetone, can be ''educed, A washing solvent, such as acetone, is relatively expensive and is therefore recovered by distillation etc, of which the : 
cost can be reduced according to this embodiment, 

(Example) 

[G047] Herembelow, the present wention will be described more specifically with reference to Examples and Comparative Examples 
&lang-&Preparation of polymerizate slurry&rang& 

[0048] A 200 liter-aufodaverteacficn vessel) was charged with 60 kc of NMP and 36 kg of sodium sulfide penta-hycrate containing 46,30 wt.% of sodium sulfide jNa2S). and after aeration with nitrogen 
gas, gradually elevated to a temperature of 200 DEG C under stirring within 3,5 hours to distil out 16.5 kg of wafer and 11 kg of NMP while 5,0 mols of H2S was amoved by vaporization, Accordingly,. ■ 
the effective amount of Na2S remaining in the vessel after the dehydration step was 220.4 mols. Tie amount of the vaporized H2S corresponded to 2,22 mol% of the charged Na2S After the 
dehydration step, the reaction vessel containing 220.4 mols o.f effective Na2S was cooled to 160 DEG C and further charged with 34.35 kg of paradicnlorobenzene ir>DCB:[p-DCB'Na2S=1 06(by moll], 
23.15 kg of NMP. 1 63 kg of water [(total water in the vesse-VNa2S-1 40(by moi) and 133 g of NaOH (at a purity of 97%) so as to provide a total amount of NaOH in the vessel in a proportion of 6.00 met 
V : %;of the effective Na2S, Under stirring., the system was subjected to taction for 4,5 hours at 220 DEG C . and on further continuation of stirring, further charged with 4 17 kg of pressurized water as a 
■I phase separation agent [total water in the vessel/Na2S=2 .45/ by mol )], followed by heating to 255 DEG C and 2 0 hours of reaction The tola polymerization time amounted to 6.5 hours. After completion 
of the polymerization, the power supply to the heater was turned off, and the system was cooled to room temperature, whereby a polymerizate slurry containing PPS particles having an average particle 
sizeo'ca 400 mum. 

i Examp : e 1-1! 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ I 

■ [0049] The above-obtained polymerizate slurry was continuously processed by an apparatus having a structure essentially as shown in Figure 1 . The apparatus Induced a downward tube 1 comprising a I 
vertical hollow tube having an enlarged top portion and a straight tube portion of 70 mm in inner diameter giving a total length of ca 1 m. and a stirrer 4 was rotated at 8 rpm An upward tube 2 
comprised a hollow tube of 70 mm in inner diameter and 2 m In length and was disposed at an inclination angle alpha - ca.30dg A screw 6 had a length of 2 m : an outer diameter of 65 mm, a shaft 
diameter of 24 mm and a pitch of 60 mm and was rotated at 8 rpm 

[0050] By using the apparatus, the above-described polymerizate slurry was continuously supplied at a rate of 51 0 gimin from a oort A. and acetone was introduced at a rate of 220 ghmin from a port F 
disposed at a position of ca:500 mm from the upper end of the upward: tube 1. Under the conditions. 100 kg of the polymerzate slurry (containing 164 kg of PPS; '7.8 kg of NaC; and 56.9 kg of NMP) 
was processed for washing, whereby 1 5.8 kg of PPS and 17.3 kg of NaCI were recovered in a wet cake state (PPS recovery rate: 96 %.. NaCI recovery rate 97%) from a port G disposed at a position of 
ca. 100 mm from the upper end of the upward tube 2. The weight of acetone used for the washing was 2.7 femes the weight of PPS. As a result of analysis, the wet cake contained 34.7 wt.% of PPS. 
38.0 wt..% of NaCI 0.15 wt.% of NMP. 0.06 wt.% of p-DCB and the remainder principally comprising acetone On the other hand, a washing waste fluid was discharged from a pert B disposed at a 
position of ca. 900 mm from the upper end of the downward tube 1 and was found to be free from PPS particles of over 150 mu m By filtration of the washing waste fluid with a No, 5A filter paper 1 .2 kg . 
o ; wet cake remained on the fitter paper including 0 3 kg of by-produced crystalline alkali metal salt and 0.5 kg of PPS 

[0051] To the wet cake discharged from the port G, 60 kg of water (3 8 times the weight of PPS? was added so as to provide a 15 concentration of PPS thereby providing an aqueous slurry Ire., re- : 
slurrying), and the aqueous slurry was processed by an apparatus having a 'structure as shown in Figure 1 and having the same dimensions and operated under the same conditions as described 
above 

[0052] More specifically, the above aqueous slurry was supplied at a rate of 540 g-min. from the port A and water was supplied at a rate of 250 g-min from the port F. respectively continuously. As a 
result of washing of 100 kg of the aqueous slurry ■ PPS: 15 kg, NaCI: 164 kg). 1 4.9 Kg of PPS was recovered In a wet cake state from the port G. [PPS recovery rate: 99 %) The weight of water used for 
the washing was 3.1 times that of the polymer giving a total amount cf ware' o* r 6.9 times the weight of the polymer together with the 3.8 times amount of water used for the re-slurryingl As a result of 
analysis, the wet cake contained 31 .2 wt.% of PPS, 0.5 wt.% cf acetone and the remainder principally comprising water The wet cake thus obtained was dried for 1 3 ncurs in an oven at 1 05 DEG O. 
The dried paitcles exhibited an NMP concentration of 200 ppm, an Na<+> concentration of 1 300 ppm and a polymer crystallization temperature cn temperature decrease of 1 85 DEG C. The amount of 
PPS recovered through the two times of continuous washing operation was 95 % of PPS contained $ the polymerizate slurry. 

(Examp;e 1 -2 i 

■ [0053] The wet cake after the washing with water obtained in Example 1-1 described above, was then successively processed by an apparatus shown in Figure 1 , having the same dimensions as those j 
used in Example 1-1 anc further including a supply port 0 at a position of 50 mm from the lower end of the jpwara 1 tube 2. The screw 6 was rotated at 10 rpm for the orccessing. More specifically, the 

wet cake was supplied at a rate of 260 g ; min (polymer: 81 g-min.) from the port A, water was supplied at 200 g/min. from the port F, and 80 wt.% concentration-acetic acid was supplied at a flow rate of I 
0.75 g-min. (so as to provide a proportion of 0 3 wt.% of the washing water) frcm the port 0. respectively continuously. As a result, the water used was 2.5 times the polymer, anc the acetic acid was 

. used in 0.74 q per 100 q of the polymer "he wet cake was dried for 13 hours in an oven at 105 DEG C to provide a polymer exhibiting a crystallization temperature on temperature decrease of 248 DEG' \ 

^. .......... . 

■"iGomparative Example 1-1) 

[0054] The above-obtained polymerizate slurry in 2700 g (PPS: 443 g. NaCI: 481 g and NMP: 1 536 g) was first sieved through a screen having a mesh opening of 1 50 mu n to separate and recover a 
' particulate polymer, whereby a wet cake was obtained in 1000 g. which contained 40 wt.% of PPS. To the wet cake, 2000 g of acetone was added, and the mixture was stirred at room temperature and i 
then subjected to sieving in a similar manner. The resultant cake after the sieving contained 50 wt.% of PPS The same operation was repeated further two times for washing of the polymer The total 
amount of acetone used amounted to 1 5 times that of the polymer The wet cake obtained after the washing with acetone contained 0.2 wt.% of NMP. The wet cake was then subjected tc 5 times of 
washing with water in a similar manner of operation as in the above-mentioned washing with acetone. The total amount of water thus used was 1 0000 g that was 22.6 times the polymer weight. 
Thereafter, the wet cake after water draining was dried for 13 hours in an oven at 105 DEG C As a result! 400 c of D PS was recovered (P-PS recovery rate: 90 %)! The dried particles exhibited an NMP- I 
concentration of 220 ppm, an \a<*> concentration of 1700' ppm, and a polymer crystallization temperature on temperature decease of 185 DEG C. 

[0055] Fuither.:for the)purpose of recovering NMP also from the by-produced crystalline alkali metal salt separate;! by the sieving, the filtrate ; iquid after the acetone washing was subjected to solid-liquid I 
separation by using a No 5A filter paper instead of the screen, thereby obtaining 330 g o ; a wet cake, which contained 220 g of by-produced crystalline alkali metal salt and 40 g of PPS. To the wet cake, ; 
11000 g of acetone was added, and the mixture was stirred and then drained The solid matter obtained after the draining exhibited an NfvP content of 5000 ppm attached thereto With respect to the 
Copolymer weight, the total amount of acetone was ca.17.5 times, and that of water was 25 times 

'■■/////■■//^ ;i;i 
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(Comparative Example 1-2} 



[GG56] To the wet cake (containing 400 g of PPS) obtained after the 5 times of washing with water in Comparative Example 1 -1 , 2000 g of water was added and further 6 g of acetic acid was added so 

■ as to provide an acetic acid concentration of 0:3 % with respect to the washing water thus added ana the mixture was stirred for washing the polymer. After the washing, the mixture was drained by a 
net having a mesh opening of 50 mu m. The resultant wet cake was further stirred together with 2000 g of water added again thereto and then drained. The wasting operation was repeated once more, 

■ and the resultant wet cake was dried ; or • 3 hours in an oven at 1 05 DEG C to obtain a dried polymer exhibiting a crystallization temperature on temperature decrease of 243 DEG O For the washing; 
water was used in 1 5 times the polymer weight and acetic acic was |ec !n'5g per 1 00 g of the polymer. 

(Comparative Example 1-3) 

[0057] To the wet cake [containing 400 g o ; PPS) obtained after the 5 times of washing with 'water in Comparative Example 1 -1 . 2000 g of water was added and further 2.96 g of acetic acid was added, 
anc the mixture was stirred for washing the polymer After the washing, the mixture was drained by a net having a mesh opening of 1 50 mu m The resultant wet cake was further stirred together with 
2000 g of water added again tnereto and then drained The washing operation was repeated once more, and the resultant wet cake was dried for 13 hours in an over at 1 05 DEG C to obtain a dried 
polymer exhibiting a crystallization temperature on temperature decrease of 1 94 DEG C Rjf the washing, water was used in 1 5 times the polymer weight and acetic acid was used in 0,74 g per 1 00 g of i 
the polymer. I 

(Example 2) 

[0053] The same polymeiizate slurry as used in Example 1 -1 was continuously processed by an apparatus having a structure similar to the one shown in Figure 1 , The apparatus included a downward 
tube 1 which was composed of a straight tube alone with no stirrer therein and disposed as a hollow vertical tube having an inner diameter of 70 mm and an overall length of 1 m The upward tube 2 was j 
a hollow tube disposed at an inclination angle alpha =20 deg. and having an inner diameter of 70 mm and a length of 3 mm. and contained a screw 6 having a length of 3 m, an outer diameter o ; 65 mm, I 
a shaft diameter of 24 mm and a pitch of 60 mm The screw 6 was rotated at 5 rpm. The polymerizate slurry was supplied directly to a lower end (at a position of H In Figure 1 } of the upward tube having I 
a scooping screw therein The polymerizate slurry was supplied at 250 pin., and acetone was supplied at 200 g ; mm from a positron of F tea 1000 mm from the upper end of the upward tube 2) in 
Figure 1 Under the conditions, 100 kg of the poiymeiizate slurry (containing 16.4 kg of PPS. 17 8 kg of NaCI and 56.9 kg of NMP) was processed ; or washing, whereby 523 8 kg of wet cake was 
obtained from a discharge port G at a position of ca 100 mm from the upper end of the upward tube 2, As a result of analysis, the wet cake contained 15.7 kg of D PS 173 kg NaCI, 0.076 kg of NMP, 
i 0,01 5 kg of p-CCE and the remainder principally comprising acetone The P PS recovery rate was 96 %. and NaCI recovery rate 97 % The weight of acetone used for the washing was 4.9 times the PM ] 
weight. 

[0059] On the other hand, a washing waste fluid was discharged from the pott B and was formed to contain 0.7 Kg of P 3 S and 0 5 kg of NaCI. 
(Example 3) 

[0060] The same polymerizate slurry as used in .Example 2 in 1.00 kg (containing 16.4 kg of PPS, 17.8 kg of NaCI anc 56 9 kg of HUP) was preliminarily blended with 40 kg of acetone as a washing . . 
solvent, and the mixture was continuously supplied at a rate of 35D g-min. from the top pert A of the downward tube 1 in the apparatus of Figure • . Acetone was also supplied at a rate o ; 1 00 gwn. from 
the pott F in Figure 1 The other conditions were the same as in Example 2. 

[0061] As a result, 51 .5 kg of a wet cake was obtained km the port G. and on analysis was found to contain 1 5.8 kg of PPS. 17.2 kg of NaCI, 0.1 kg of NMP. 0.01.5 kg of o-DCB and the remainder of 
acetone. PPS recovery rate was 96. and NaCI recovery rate was 97 % Or. the other hand, the washing waste fluid discharged out of the port B contained 0 6 kg of PPS and 0.6 kg cf NaCI. 

(Reference Example! 

[0062] A similar po : ymenzate slurry was preliminarily blended with a portion of acetone as a washing liquid and then continuously processed in tne apparatus shown in Figure 1 In this instance, 
however, no acetone was supplied as a countercurrentiy flowing washing solvent, whereby the apparatus was usee as a solid-liquid separation apparatus. 

[00631 More specifically. 100 kg of poymenzate slurry (containing 16.4 kg of PPS. 17,-8 kg of NaCI and 56 9 kg of NMP) was preliminarily blended with acetone In a weight ratio of polymerizate slurry/ 
acetone=250. ; 130(by weight!, and the mixture was supplied to the top A of the downward tube 1 in the apparatus of Figure 1 From the discharge port G t 15,9 kg of P : 'S and 174 kg of NaCI were . 
recovered (PPS recovery rate 97 %. NaCI recovery rate: 98 %). In this instance, the weight of acetone used was 3.1 times that of PPS as a result of analysis The wet cake was found to contain 28 3 wt. 

■ % of PPS, 23,0 wt% ofNaCb20 : 3 wf.% of NMP. 0.14 wt % of p-DCB, and the remainder principally of acetone 

[Industrial applicability] 

[0064] As is apparent from the results the above-described Examples and Comparative Examples,, according to the present invention,, there is provided a commercially effective process for continuously 
washing poiyarylene sulfide [PAS'; or method of processing PAS polymerizate slurry which (a) does not include a commercially problematic sieving step as an essential step anc (b) is capable o ; 
effectively washing PAS panicles with a small amount of washing liquid and also envisages the effective recovery of a polar organic solvent that is an expensive solvent and the effective removal o : by- 
produced alkali metal salt 
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Transit this text 



1 A process tor continuously washing polyarylene sulfide., comprising a washing step of subjecting a polymerize slurry to continuous intercurrent contact with a washing liquid, said polymerizate 
slurry containing polyarylene sulfide oaitic : es, a by-prcduced alkali metal salt and a polar organic solvent and obtained through a reaction o f an alkali sulfide source and an aromatic dihalide compound 
ir the poiar organic solvent 

2 A process according to Claim 1 . wherein the washing step Incudes a step of moving the polyarylene sulfide particles as an upward flow countercurrently contacting the washing liquid. 

3. A process according to Claim 2. wherein the washing step includes a former step o ; moving the polyarylene sulfide particles as a downward flow countercurrently contacting the washing liquid., and a 
■ latter steo of moving the polyarylene sulfide panicles as an upward flow countercurrently contacting the washing liquid 

4. A p'ocess according to Claim 3, wherein the latter step is operated in an inclined tube provided with a conveying screw. 

5. A p'ocess according to Claim 3 or 4. wherein in the latter step, at a point intermediate the upward flow of the polyarylene sulfide partices, the washing liquid is introduced and caused tc start 



p is: performed in a generally v-snaped tubular apparatus m< 
inside whereof; the polymerizate slurry is introduced a: a pom: proximate to a lowermost part of the upward tube of the tubular apparatus so that the polyarylene sulfide partcles are countercurrently . 
. contacted with the washing liquid, the washed polyarylene sulfide particles are recovered together with the by-produced a : kali metal salt iem a point proximate to a too of the upward tube: and a mixture 



7. A process according to any one of Claims 1 to 6. wherein in the washing step., an organic solvent miseible with tr-e polar organic solvent and water and having a ewer boiling point than water is used 
as the washing liquid to recover the washed polyarylene sulfide particles accompanied with the by-produced alkali metal salt; and a second washing step is further included, wherein the thus-recovered 
polyarylene Sulfide particles accompanied with the by-produced alkali metal salt are continuously and countercurrently contacted with an aqueous washing liquid to wash and recover the polyarylene 



8. A process according to Claim 1 . further including a third washing step and a fourth washing step for sequentially washing the washed polyarylene sulfide particles with an acidic washing liquid and an 



9 A process according to any one of Claims 1 to 3, further including prior to the washing step a preliminary (solid-liquid separation) step operated in a generally V-shaped tubular apparatus including a 
downward tube and an upward tube provided inside thereof with a conveying, wherein the polymerizate slurry is introduced at a point proximate to a point proximate to a tcp of the downward tube, and 

lar organic solvent is recovered from a point proximate tc a top of the upward tube aiislui 



10, A process according to any one o ; Claims 1 tc 9, further including prior to the washing step a preliminary step of mixing the polymerizate siuny with a portion of the washing liquid 

1 1 . A process for treating a slurry! comprising; 

subjecting a slurry comprising a dispersion liquid medium and at least two types of solid particles dispersed in the liquid medium to sequential washing steps including; 



iiquidlwhtch does not dissolve any of the soiid particles but is miseible witin the dispersion liquid medium, and 
a second washing step of bringing the washed at least two types of solid particles into contact with a second washing liquid which selectively dissolves a part of the at least two types of solid particles 
andisals.om : s.C:ble with the first washing liquid, 

:!!|!!:i!|||!§ 
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